The electroweak unification group G ≡ SU (2)L × U (1)e × U (1)µ × U (1)τ in which each fermion multiplet has its own U (1) factor was proposed in 1986 to get the neutrino mass matrix. In this paper, the gauge group G is restricted to lepton section only, leaving quark multiplets as in the standard model. In addition to lepton multiplets Le, Lµ and Lτ , there are three SU (2)singlet right handed neutrinos N R respectively. Three Yukawa couplings can be arranged and expressed in terms of masses me, mµ, mτ in three different ways to obtain the results of interest for Case 1: (νe → ντ ); Case 2: (νe → νµ); Case 3: (νµ → ντ ). The results obtained for the three cases are compared with the experimental data from neutrino oscillations. Cases 1 and 2 are relevant for solar neutrino oscillations whereas Case 3 is relevant for atmospheric neutrino oscillations.
INTRODUCTION
In 1986 [1] , a simple extension of the standard electroweak gauge group to the group G ≡ SU (2) L × U (1) e × U (1) µ × U (1) τ in which each fermion multiplet of the standard model has its own U(1) factor was purposed to get the neutrinos masses.
The neutrino oscillations require that neutrinos are not massless but have very small masses [2, 3] . In 1986 -1987, no accurate data of neutrino masses was available. It is appropriate to revisit the model to confront its predictions with the recent data about neutrino masses.
Since main predictions of gauge group G pertain to neutrino masses, the extension of the standard model gauge group to the gauge group G is restricted to only lepton section, leaving the quark multiplets as in the standard model.
Thus in the gauge group G, the lepton multiplets are assigned as follows [1] 
In addition three right-handed neutrinos N (i) R 's which are SU (2) singlet but carry U (1) i quantum numbers:
R : 1, 0, −1, 1 are introduced. The gauge vector bosons of the group G:
µ , B
Using the e ↔ µ ↔ τ discrete symmetry
in the symmetry limit. First we note that following combinations of B
µ 's give the three physical gauge vector bosons of group G:
II. INTERACTION LAGRANGIAN FOR LEPTONS
The interaction lagrangian for leptons is given by [1] 
where
The first term in Eq(13) is L int for leptons as in the standard model. In order to spontaneously break the group G to the standard model group, three Higgs singlet Σ (i) 's are introduced.
The gauge group G is broken to SU (2) L ×U (1) Y by giving the vacuum expectation values to Higgs bosons
. With the breaking of the gauge group G, the vector bosons X µ and X 
To eliminate the cross term, we take
For simplicity, we take V = V ′ , so that
From Eq(18), we get the Majorana mass matrix for
To conclude, we note that after, spontaneously breaking the gauge group G to SU (2) L × U (1) Y , the heavy vector bosons X µ , X 
III. NEUTRINO MASS MATRIX
For simplicity, we take f 12 = f 13 = f 23 = f in Eq(19), to give the mass matrix [1]
The eigenvalues are
The corresponding eigenstates are
The group SU (2) × U (1) Y → U (1) em is broken by a Higgs scalar doublet
to give masses to the vector bosons W ± , Z µ and to quarks and charged leptons. The left-handed neutrinos in the standard model remain massless as there is no right-handed singlet neutrino to give the neutrino mass term.
In this model, there are three heavy right-handed neutrinos. Thus in this model the mass term for the neutrinos is generated by the Higgs doublet as follows
We note that Yukawa couplings h
1 , h
2 , h R third generation with first. The mass matrix for the light neutrinos is given by
2 ν µL − 2h
From Eqs (20) and (27), one gets the mass matrix for the light neutrinos [1] .
1 h
where we have put
The three Yukawa couplings h
2 , h
can be arranged in three different ways so as to give three dominant transitions as follows:
Case 1: ν e → ν τ , Case 2: ν e → ν µ , Case 3: ν µ → ν τ Case 1, 2 are relevant for the solar neutrino oscillations. The resonant amplification of solar neutrino oscillations in matter [4, 5] is an important aspect for the solar neutrino problem [6] . The mass matrix (Eq. 28) can accomodate this aspect of solar neutrino oscillations. Case 3 is relevant for the atmospheric neutrino oscillations.
From Eq(28) and (29),
This mass matrix is similar to that first considered in [7] . If σ = 0, the matrix (30) reduce to mass matrix discussed by several authors [8] .
For the case σ ≪ sin θ, Here we consider two cases (a) and (b), Case a)
From Eq(28) and (35),
Neglecting σ, σ ≪ sin θ,
The dominant transition ν µ → ν τ Case b)
From Eq(34) and (38), we get the mass matrix as given in Eq(36) with cosθ ↔ sin θ Neglecting σ, we get which has the same form for Cases 1, 2 and 3b. For 3a change, − cos 2θ ← cos 2θ Now any 2 × 2 matrix
can be diagonalized by a unitary transformation
where 
But for the case 3a, θ M = −θ, ∆m 2 < 0. However, for the solar neutrino oscillations, ν e travelling in matter would acquire an extra effective mass 2 √ 2G F n e E, where E is the energy of neutrino and n e is the nuclear density of electrons and is given by [6] 
where Y denote the number of electrons per unit nucleon and is 1 2 for ordinary matter. Hence for the cases 1 and 2
Thus for the solar neutrino
(55)
Hence for Cases 1 and 2, the matrix M 2 given in Eq(50) is modified
It is instructive to compare Eq(57), with Hamiltonian for the solar neutrino oscillations [2]
The mass matrix M 2 has exactly the same form as that of H M (E) for solar neutrino oscillations [2] . Thus it is relevant to compare predictions of our mass matrix with the experimental data from neutrino oscillations.
IV. NEUTRINO MASSES: COMPARISON WITH THE EXPERIMENTAL DATA
Yukawa couplings h
3 for the three cases 1, 2 and 3 are analysed in detail.
The above choice gives 
2 = h cos θ we assume 
2 = h sin θ, h
3 = h cos θ we assume
